One of the most promising platforms for deterministic quantum information processing is formed by a network of single atoms in cavities interconnected via photon exchange. Using neutral atoms has several advantages: First, the advantage of a perfect two-level system to encode the quantum information in. Second, as the neutral atom is trapped in a laserbeam in vacuum, it is relatively immune to pertubations originating from the environment. A limitation however has always been the time a single atom can be observed. Using state of the art trapping techniques and devising new cavity cooling schemes[1] we have been able to extend this time up to a minute, and are now in a situation where a single neutral atom can be trapped in our cavity almost all of the time. Here we present an experiment in which a single neutral atom trapped in a cavity is used to generate single photons in a controlled way.
One of the most promising platforms for deterministic quantum information processing is formed by a network of single atoms in cavities interconnected via photon exchange. Using neutral atoms has several advantages: First, the advantage of a perfect two-level system to encode the quantum information in. Second, as the neutral atom is trapped in a laserbeam in vacuum, it is relatively immune to pertubations originating from the environment. A limitation however has always been the time a single atom can be observed. Using state of the art trapping techniques and devising new cavity cooling schemes [1] we have been able to extend this time up to a minute, and are now in a situation where a single neutral atom can be trapped in our cavity almost all of the time. Here we present an experiment in which a single neutral atom trapped in a cavity is used to generate single photons in a controlled way. [2] The quality of these photons is such that they could be used for quantum information processing. Our setup could therefore operate as a single-photon server for such experiments. Fig.1 On the left hand side a schematic of the experiment is depicted. A single atom trapped inside a cavity is excited by laser pulses, as a result, single photons are emitted. On the right hand side the graph displays the photon statistics of the light emitted by just one atom. The absence of correlations at ∆τ =0 indicates that our source produces single photons. We prepare our system by loading 85 Rb atoms into a magneto-optical trap. From here, the atoms are transported by a dipole trap into the cavity. There, the atoms are trapped in a standing wave dipole trap in the intersection of this trap with the cavity mode and a pumping laser beam arranged perpendicular to the cavity axis and under 45
• to the dipole trap. After an initial cooling phase where the pump beam is on continously we switch to single-photon production. The atom, initially in the 5S 1/2 F=3 state undergoes a vacuum-stimulated Raman adiabatic passage into the 5S 1/2 F=2 state by exciting with a laser pulse resonant with the 5S 1/2 F = 3 → 5P 3/2 F = 3 transition. In this process, a single photon is emitted into the cavity. To recycle the atom back to the 5S 1/2 F=3 state, the atom is subsequently excited by a laser pulse resonant with the 5S 1/2 F = 2 → 5P 3/2 F = 3 transition, a process which at the same time cools the atom. With a repetition rate of 100 kHz and a production efficiency of 9% we have been able to produce more than 3 × 10 5 single photons from one-and-the-same atom. A clear antibunching around ∆τ =0 in the photon emission statistics,limited only by background noise, proves that we produce one photon at a time.
